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IV. — Descriptive  Note  on  a  General  Section  from  the  Laurcntinn  Axis  to  the  Rochy 
Mountains  north  of  the  \9th  Parallel.     Bif  Geouqe  M.  Dawson,  D.  So.,  F.  O.  S.,  &c. 


(Koad  May  L'fith,  1882.) 

Tho  spction  in  rolation'to  whioh  those  notes  are  presented  is  a  diairrammatic  one,  intend- 
ed rather  to  show  the  ffeneral  arrani^vments  oi"  the  rocks  nndorlyinir  the  i^reat  plains,  than 
the  actual  position  of  the  beds  on  any  definite  line.  The  direction  of  the  se«'tion  is,  however, 
almost  exactly  transverse  to  that  of  the  main  strike  of  the  rocks,  and  that  of  the  great 
interior  continental  valley  which  lies  between  the  Laurentian  Highlands  on  the  east  and 
the  IJocky  Mountains  on  the  west.     The  section  is  about  eight  hundred  miles  in  length. 

The  profile  represented  by  it  is  that  of  a  line  drawn  from  the  middle  of  Lake  "Winnipeg 
west-south-westward,  passing  through  the  Touchwood  and  Porcupine  Hills,  and  reaching 
the  base  of  the  Itocky  Mountains,  midway  between  the  4!lth  and  50th  parallels.  The  ver- 
tical scale  and  thickness  of  formations  are  necessarily  A'ery  much  exaggerated. 

Lake  Winnipeg  and  the  contiguous  great  lakes,  with  the  low  country  about  them,  mark 
the  outcrops  of  Silurian  and  Devonian  rocks  which  lie  at  very  low  angles  or  are  nearly 
horizontal.  These  rocks  are,  for  the  most  part,  magnesian  limestones  of  pale  buff  colour^ 
and  resemble  those  representing  those  periods  in  the  Mississippi  Valley.  They  must  have 
originally  spread  far  up  on  the  Laurentian  plateau,  and  perhaps  have  inosculated  with  the 
similar  rocks  of  the  same  age  which  border  the  basin  of  Hudson's  Bay. 

The  great  denudation  which  they  have  suffered,  in  times  geologiciUy  very  recent,  is 
attested  by  the  immense  quantity  of  these  peculiar  rocks  which,  together  with  Laurentian 
and  Huronian  fragments,  has  been  spread  abroad  over  the  surface  of  the  great  plains  in  the 
form  of  boulders  and  gravel.  Hocks  of  Devonian  age  oocupy  the  western  portion  of  this 
region  of.  the  lakes,  and  Professor  Hind  has  defined  by  observations  in  several  localities  a 
belt  of  them  at  least  fifty  miles  in  width.  It  is  iu  :^onnection  with  these  rocks  that  the 
brine  springs  of  the  vicinity  of  Manitoba  Lake  occur.  Salt  has  been  manufactured  from 
these  for  commercial  purposes. 

North  of  the  Winnipeg  Lakes  on  ihe  Arctic  slope  of  the  continent,  the  Devonian  rocks 
appear  to  become  more  important  in  regard  to  the  area  they  cover  than  the  Silurian,  and 
they  are  found  to  yield  petroleum  as  well  as  salt.  The  description  of  the  bitumen  and 
mineral  pitch  of  the  Athabasca  region,  by  Sir  J.  Richardson,  would  seem  to  indicatt^  that  a 
very  important  oil  region  there  waits  to  be  developed. 

The  rocks  consist  of  limestones  and  dark  slates,  and  are  referred  by  Meek — who  has 
examined  a  consideial)le  number  of  fossils  from  them — to  the  Hamilton  and  Grenesee 
epochs. 

The  "  black  slate  "  of  the  Western  and  Southern  States  has  been  shewn  to  be  the  equi 
valent  there  of  the  latter,  and,  according  to  Meek,  "  holds  exai'tly  the  same  position  with 
relation  to  the  Hamilton  beds  as  the  Clearwater  and  Athabaska  slates."     The  resemblance 
of  the  rocks  in  these  northern  and  southern  localities,  and  the  continued  association  of  salt 
and  petroleum  with  them  to  the  south,  renders  it  not  improbable  that,  if  reached  by  borings 
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]>aKKiiijT  thrmag'h  th«^  ovcrl tipping  ('n'tiu'fouH  rocks,  lh«'  iijipor  part  of  tho  DcA'onian,  in  the 
Manitoba  rogion,  might  prove  vahiahlc  as  an  oil-l)oaring  formation. 

This  snggowtion  was  cnton'd  in  Iho  lii'port  on  tho  (roolooy  and  Rosonrccs  of  tho  40th 
Paralh'l,  luxt  r«'mains  as  yet  iin<-onlirm(>d. 

The  nn<'onformal)l»',  though  vory  horizontal  overlap  of  thoCrcta^'oouH  on  the  DoA'onian, 
just  alluded  to,  entirely  conceals  the  outcro|)s  of  any  rocks  of  Carl.oniferous  age,  which 
may  exist  in  this  region.  It  is  probable,  however,  from  analogy  with  tho  Western  States 
to  the  south,  that  these  rocks  consist  almost  entirely  of  limestone,  and,  evon  if  exposed, 
would  be  found  to  yield  no  workable  coal  seams. 

The  waters  of  the  ocean  appear  to  have  <'overed  this  j^ortionof  the  continent  during  tho 
( 'arboniferous  period,  and  the  conditions  for  thir  accumulation  of  coal  did  not  occur  till  a  much 
later  stage  in  the  series. 

liocks  of  Cretaceous  age  are  those*  next  found  in  tho  geological  series  in  this  region, 
and  they  constitute  the  sul)stratum  of  by  far  th(»  greatest  area  of  the  plains. 

The  typi«"al  section  of  the  Cretaceous  of  the  Missouri  Valley  and  eastern  portion  of  the 
interior  continental  basin  generally  is  that  worked  out  many  years  ago  by  Messrs.  Meek 
and  Ilayden  in  th<»  Nebraska  region. 

It  may  be  summarized  as  follows,  the  order  being  desciending : — 
L.\TEii  Cretaceous. 

A'o.  !j.    Fox  Hill  HfdR. — firpy  forrufrinouH  and  ypllowish  sandstonos  and  aronaooons  rlaj's. 

Miirinf.  f>hdh. 500  foot. 

Ao.  4.    Fort  I'iem-  flronp. — Dark  >,'roy  and  l)luisli  ])la8tio  days.     Murinr  Shiiln  (nid  Finh 

ErmninK 700    " 

Eaklter  Cretaceoits. 

No.  3.    Ni(il)rara(troui).—Calraroons  marls,  marine  sliolls,  foraminifora,  fi.sh  remains,  &c..  200  " 

No.  2.    Fort  IkMiton  ( Jroup. — Dark  jjwy  laminafod  days,  witli  some  limostono  marine  shells.  ?>00  " 
No.  1.    Dakota  (Irotip. — Yellowish,  whitish  and  nvldiali  sandstones  and  days,  with  oc- 

easional  lit^nit(^  coals.    Marine  an<l  some  fre-sh  water  shells  and  anjiiosjxirmons  knaves...  400  " 

Adding  together  the  approximate  thickness  given  for  the  subdivisions  above,  a  total 
of  2,000  feet  is  obtained,  and  it  is  possible  that  the  Cretaceous  system  may  in  some  places 
attain  this  thickness.  It  is  probable,  however,  that  in  the  eastern  part  of  the  region 
traversed  by  the  section  now  under  description  the  thickness  is  not  so  great,  as  this  must 
originally  have  been  near  the  margin  of  the  Cretaceous  sea.  Owing,  however,  to  the  thick- 
ness of  the  drift  <'overing,  and  the  nearly  horizontal  position  of  the  beds,  the  actual  thick- 
ness of  any  of  the  subdivisions  has  not  been  ascertained  here.  It  is  probable  that  the  lower 
subdivisions  outcrop  below  the  ,vllu\  ium  of  the  Red  River  Valley,  and  toward  the  base  oi 
the  Cretaceous  escarpment,  west  of  the  Winnipeg  group  of  lakes,  but  neither  the  Dakota 
nor  Bonton  groups  have  been  observed  in  this  region.  In  Nebraska  thin  seams  of  lignite 
are  known  ia  the  Dakota  beds  and  hr.ve,  owing  to  the  scarcity  of  other  fuel,  been  to  some 
extent  marked.  Similar  lignites  are  also  found  in  south-western  Minnesota  at  this  horizon 
b\it  are  not  of  economic  value. 

While  it  is  therefore  possible  from  analogy  that  workable  lignite  beds  may  occur  in  the 
representative  of  the  Dakota  in  Manitoba,  it  is  probable  that,  even  if  this  formation  were 
well  exposed  and  easily  accessible,  the  supplies  of  fuel  it  might  yield  would  be  of  little  or 
no  economic  importance. 
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The  Btsnton  .;roixp,  thoui»li  known  in  thf  l\art\  ]iivor<onntry  Iihn  boon  rorognizod  iis 
yet  with  some  cortainty  in  a  siiiglo  locality  in  the  Saskiitthowan  hasin.  Tho  l)la(k  shalos 
of  Colo's  Falls  in  the  main  Saskati  howan,  art-  ssiipposod  hyMcok,  who  has  cxauiinod  fossils 
from  them,  to  be  of  this  period. 

The  Niobrara  subdivision  has  ix-en  ro  (M^nised  in  Manitoba,  where  the  Uoyne  Uiver  i  uts 
through  the  Pembina  escarpment,  where  it  precisely  resembles,  litholo^ically  and  in  its 
included  fossils,  that  of  the  Nebraska  rci>i(>n.  The  rock  is  a  cream-coloured  limestone, 
chiefly  eornposed  of  shells  of  hoirraums  and  Osfirn  niufiTK/n,  l)ut  becomes  in  places  a  white 
chalky  material,  which  under  the  miiroscopc  is  resolved  into  amassof  foraminiferal  shells, 
cowoliths,  and  allied  minute  oryanisuis.  Still  further  north,  aloui?  the  eastern  outcrop  of 
the  Cretaceous,  at  Swan  Iviver  and  Thunder  Tlill.  west  of  Lake  \Vinnipei?osis,  and  near  the 
line  of  our  se(;tion,  limestone  and  marls,  containing  fossils  like  those  oi  the  last  mentioned 
locality  and  evidently  of  Niobrara  age,  are  again  found. 

The  greater  part  of  the  Pembina  escari>ment,  with  its  northern  continuation  west  <»f 
the  Winnipeg  group  of  Lakes,  is,  however,  composed  of  the  dark  shales  and  shaly  clays  of 
the  Pierre  group.  On  the  plains,  west  of  thi>  escarpment  of  the  Cretaceous,  the  drift  «'over- 
iug  is  so  thick  that  exposures  of  thi!  I'ierre  are  seldom  mt^t  with.  It  is,  however,  found, 
wherever  it  can  bo  seen,  to  hy.  horizoiital,  and  it  probably  immediately  and  continuously 
underlies  the  (>ountry  as  far  west  as  the  Coteau. 

The  Fox  Hill  subdivision  of  Meek  and  Haydeu"s  sectidu  is  scarcely  known  in  the  east- 
ern part  of  the  plains.  It  const  itutes  the  highest  of  tht>  marine  beds,  and  is  generally  littoral 
and  sandy  in  character.  Rocks  <ontaining  fossils  referable  to  this  subdivision  have,  how- 
ever, been  described  by  Hind  at  the  elbow  of  tht;  South  Saskatchewan,  not  far  from  our  line 
of  section. 

Still  higher  in  the  series  are  the  bods  of  the  Souris  Uiver  region.  These,  on  the;  northern 
continuation  of  the  Fort  Union  group  of  the  Missouri,  and  with  their  eastern  boundary 
nearly  coinciding  with  the  Coteau  or  edge  of  the  third  prairie  steppe,  extend  still  further 
northward  at  least  as  far  as  the  North  Saskatchewan. 

In  the  Souris  region,  where  they  have  been  much  more  closely  examined  than  on  the 
line  of  section,  they  consist  of  sandstones,  shales  and  clays,  with  layers  of  ironstone  con- 
cretions and  numerous  beds  of  lignite.  On  tht;  Souris  Corhttlu  niodrifiirmis,  a  shell  of  brackish 
or  marine  water,  is  found  near  the  base,  but  with  this  exception  all  the  molluscs  are  those 
of  fresh  water.  These  deposits  havej)een  accumulated  in  a  great  lake  or  series  of  lakes, 
with  changing  outlines,  with  the  frequent  local  exposur*;  of  land  surfaces  on  which  coni- 
ferous and  broad-leaved  trees  grow,  and  the  del)ris  of  vegetation  accumulated  to  produce 
beds  of  lignite.  As  the  beds  of  the  Souris  region  have  already  been  fully  reported  on  else- 
where,* it  will  be  unnecessary  to  dwell  at  length  on  them  here. 

The  sectiou  is,  however,  intended.to  illustrate  one  point  which  has,  perhaps,  so  far  not 
received  sufficient  attention.  That  is  the  possible  ocicurrence  of  outliers  of  this  formation  in 
the  chain  of  highlands  which,  beginning  on  the  inte  national  boundary  line  with  Turtle 
Mountain,  is  continued  north-westward  nearly  parallel  to  the  edge  of  the  Coteau  by  Moose 
Mountain  and  the  Touchwood  hills.    So  far  no  exposures  have  been  found  in  the  more 


*  Report  on  49th  ParallelilReports  of  Geological  Survey. 

Sec._IV.;'.1882.    6 


42 


(JKolJdK   M.    DAWSUX  ON   A  JJKXKI.'AFi  SKlTIoN    FIJOM  TIIK 


••It'Viilcd  (rin(s,  which  rh-arly  fxhihil  Iho  »'hamr(«'r  <»!'  Uu-  uiulcrlyiii!,' nM'kH,  uiul  thf  drift 
I'ovrriim'  ii|»|M'ai-N  to  he  t>x<'t>|»tioimlly  thi<-k  and  uiiiloriii  on  th«>iii.  J)i'.  S«'lwyii  has  par(i«'U- 
hirly  insisted,  however,  (iii  llie  possihlo  rt'currt'iice  of  the  Souris  scrieN  in  th«'He  hilly  tractH, 
aii<l  ill  view  ol'  lilt'  iiii|tor(aiit('  whith  would  attach  to  the  diNc»»very  of  additional  mipplies 
ol'  fuel  far  eastward  of  the  main  «»utcro|>  (»f  this  liifiiite-hearini?  formation,  it  will  probably 
hel'ore  lonjf  heconu*  dchiirahle  to  test  the  question  by  actual  Ixmnj^s  in  i)roperly  chosen 
localities. 

So  far  as  the  examination  of  th«'  country  west  of  the  Coteau,  or  edife  of  the  third  prairie 
steppe,  t(t  altout  the  110th  meridian  has  yet  i^one, no  new  features  of  importuiue  are  found 
ill  the  Cretaceous  and  Souris  beds,  the  lower  parts  of  tlu^  »'ountvy  beins?  usually  und<>rlaiu 
by  I'ierre.  while  the  hi^'her  are  characterized  by  th«'  representatives  of  the  Souris  series, 
and  liitnites  are  fre«|uenlly  found  i.i  these.  The  Fox  Hill  beds  have  been  clearly  recognised 
iis  ill!  iiiteniiediale  /one  in  a  few  places,  and  all  the  rocks  are  horixontal. 

Still  furtlu-r  west,  however,  where  the  section  traverses  the  IJow  and  Belly  River 
ret-iitn,  chaiiii'es  of  considerable  importance  are  found  to  occur.  The  upper  beds,  which  ha vo 
soiar  been  referred  to  as  the  Souris  or  Fort  Union  series,  })ecoine  thi«'ker  and  more  varied 
ill  (liaracter,  and  may  best  be  des«ribed  under  the  "general  term,  Laramie.  The  base  of  this 
division  is  now,  as  a  rule,  distinctly  marine,  or  brackish  water  in  origin,  the  beds  so  charac- 
tei'i/ed  often  having  a  great  thickness  and  representing  those  of  the  Judith  basin  of  the 
Upl>er  Missouri. 

These  pass  gradually  upward  into  a  great  fresh-water  scries,  which,  on  lithological 
grounds,  I  have  provisionally  divided  into  the  St.  Mary  River,  Willow  Creek  and  Porcupine 
Hill  subdivisions. 

The  Larami*',  as  a  whole,  on  approaching  the  mountains,  contains  much  more  frequent 
sandstone  layers,  and  these  are  iirmer  in  textunj — Ituits  due  to  the  approach  to  the  old  shore 
line  and  the  superior  degree  of  alteration  which  the  rocks  have  suHered  in  connection  with 
folding.  The  Fox  Ilill  l)eds  blend  so  con.pletely  with  the  Laramie  above  and  the  Pierre 
below  that  it  is  often  dilKtailt  to  deline  them,  but  they  may  generally  still  be  recognized  as 
a  zone  of  yellowish  sandstone  holding  strictly  marine  fossils. 

The  Pien'e,  while  probably  not  less  in  thickness  than  before,  is  less  homogeneous,  con- 
taining frequent  sandstone  intercalations,  at  least  as  far  east  as  the  Three  Buttes,  and  where 
exposed  on  the  Bow  River,  contains  besides  a  considerable  thickness  of  whitish  or  pale- 
I'oloured  sandy  and  clayey  beds  which  contrast  markedly  with  its  usual  sombre  colours. 

It  appears  now  c«M'tain  that  the  Rocky  Moxintains  have  been  here,  even  in  the  strictly 
Cretaceous  times,  a  shore  line,  and  i'at  neither  the  Cretaceous  nor  the  Laramie  beds  have 
passed  «'ompli'tely  over  the  present  position  of  the  range  in  this  latitude,  as  they  are  known 
to  have  done  further  south.  The  broad  undulations  by  which  the  beds  are  now  affected 
also  result  in  thi^  exposixre  in  different  places  of  rocks  underlying  the  Pierre,  and  these  are 
nov^  found  to  consist  of  sandstones,  shales  and  clays,  instead  of  the  chalky  material  of  the 
Niobrara  of  the  east.  These  are  usually  of  pale  colours,  and  the  fossils  c  ontained  in  them 
are  at  h'ast  in  part  distinctly  freshwater  in  character.  The  subjoined  table  shows  the  pro- 
visional arrangement  adopted  for  the  rocks  of  this  region  and  the  parallel  series  described 
by  me  in  former  reports  of  the  Geological  Survey,  as  obtaining  in  the  Peace  River  country, 
which,  thoiigh  several  hundred  miles  north-westward,  bears  a  similar  relation  to  the 
mountains. 


liAUUKNTIAN   AXIS  To  TlIK   KOi'KY   MOUNTAINS. 


43 


liaraiiiio : 

(inrliidiiiK  .liiililli 

Kivor  wrlci). 


Fox  IlillM. 


lUttlHortlix  ri)ri'ii|)ino  IIIIIh;  innMNivoNnii(lHti)iu>N  willi  hIiiiIcn,  fki: 

Willow  CriHtk  ImuIn;    rtMldiMli  and  pnriiliHli  rlavM  witli  ^n^y  tiiid 
yxllowiHli  HaiidHtoiRM. 


•) 


|Ht.  Wary  hivor  Horics ;  saiidNtoiio  hIuiK<n  and  dayN  of  tioiutral  jjrcy 
isli  or  groyiMli  )tnvi\  colonix. 

Yollowinli   HnndNtoncH  and  slialv  IkmIm  witli  a  niin({lin>j  nf  Ircwlif  r|i|N<r  Mandsloiics 
waUir  and  hrackiNli  or  niarino  niollnsi'M.  /       xliaU'"  <•>>  apiti 

Kivcr  Kroii|i|. 

YoIIowIhIi   Sandston(t.s  with  Homo  hIuiIcm,  apparontly  irro^nlar  in' 
tliickncHH  and  rliaractcr  ;  iuoIIuhch  all  niarino. 


I'iorrc. 


Niobrara. 


Bonton. 


1 

j  IllackiHli  and  load-colt tnul  HliaK«M,  uitli  occaNioiialNandHtoiio  intitrca-) 
\         lation  oMiNO'ially  towanis  llio  nioiintainH.  i 

{IJolly   I{iv(^r  w^rics ;  NandNtonoH,  NlialcM  and  Handy  rlayH.      I'lil*"" 
part  Konorally  ^'royiHli:  low<<r,  yollowiHJi,  and  oftt^n  bandiMl  liy 
raiiidly  altornatin^'  ImmIm  ;  froNli  and  brackiHli  wator  niolluHcH. 


I 


} 
} 


l'p|ior  slialos  (Snioky 
|{ivor  (.'roup). 

r>>\V(<r   Han<lslnni's 

( 

k'roMp). 

Irf)\vor,  sliali'H 

(Fort   St.   .lolin 
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Tho  Laramio  and  Crotacooiis  roi-ks  aro  sl;arply  rorrugatod  and  foldod  toj^othcr  for  a 
distance  of  ten  to  twonty  milos  from  their  junction  with  the  Palajozoic;  rocks  of  the  moun- 
tains, a  faot  probably  in  connection  with  the  great  faiilt  with  downthrow  eastward 
which  here  occurs.  East  of  the  belt  of  corrugation  they  form  a  well-marked  broad,  shallow 
synclinal,  the  centre  of  which  is  oc(,'upied  by  the  Porcupine  Hills,  and  thence  graduiiliy 
subside  to  the  nearly  horizontal  attitude  which  is  generally  charactt'risti(!  of  the  i)lains. 

The  lignites  and  coals  are  in  the  western  region  not  confined  to  the  beds  overlying 
the  Cretaceous  proper,  but  recur  at  intervals  in  the  Cretaceous  itself 

Near  the  base  the  Laramie  is  a  persistent  lignite  or  coal-bearing  formation. 

A  few  miles  north  of  the  -tnth  parallel,  on  the  St.  Mary  liiver,  a  coal  bed  of  exci'llent 
quality,  eighteen  inches  in  thickness,  is  found,  overlain  by  a  bed  holding  Coi-hiriiln  oiri- 
dentalis  and  Ostrett.  It  is  described  in  my  report  on  the  Geology  and  licsources  of  \ho 
49th  Parallel,  pp.  1:12-1'72.  Another  coal  outirop,  possibly  on  the  same  seam  and  about  a 
foot  in  thickness,  is  found  on  the  Upper  Helly  Kiver.  The  seam  at  the  Indian  farm  near 
Pimiher  Creek,  is  prol)a})ly  again  not  far  from  the  same  horizon,  though  perhaps  a  little 
higher  in  the  seri'»s.  Coaly  streaks  occur  in  the  sandstones  at  the  disturbed  locality  on 
the  Oldman  River,  and  a  lignite  at  Scabby  Butte  may  oi-cupy  the  same  position.  Further 
north  a  seam  on  the  Bow  at  Coal  Creek,  between  Morleyville  and  Calgarry,  and  those  in 
the  vicinity  of  the  Blackfoot  crossing,  appear  to  occupy  the  same  horizon.  A  thin  seam 
near  the  mouth  of  the  Highwood  River  may  iiossibly  be  higher  in  the  Laramie  and,  from 
the  character  of  the  St.  Mary  River  sub-division  throughout,  it  is  not  improbal)le  that 
other  coal  or  lignite-bearing  zones  may  occur  locally. 

A  seam  of  lignite  coal  occurs  at  the  summit  of  the  Pierre  on  tho  Bow  River,  at  Horse 
Shoe  Bend,  while  a  persistently  coal-bearing  horizon  characterizes  its  bas«>,  and  is  well 
exposed  on  both  the  Bow  anu  Belly  Rivers.  Lignite  coal  also  occurs  in  the  beds  above 
described  as  underlying  the  Pierre,  and  it  is  possible  that  further  exploration  may  bring 
to  light  yet  other  fuel-producing  horizons. 

A  further  fact  of  great  economic  importance  is  the  improvement  in  quality  of  these 
fuels  on  their  approach  to  the  mountains.  Two  causes  operate  in  this  sense  :  First,  the 
greater  age  of  the  seams  in  the  strictly  Cretaceous  rocks  and  the  consequent  superior  deo-rec 
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ol'  piVMNUrc  l»y  ovfilyiiii,''  1h'<1m  )o  whi.h  lln-y  hiiv*'  Im'cii  suhj.'i  icd  ;  scioiul,  the  givator 
allt'ialioii,  iKvonipaiiit'd  l»y  Jlcxuiv,  (o  which  llio  rocks  in  Ihr  vicinity  oi'  Ww  mountainH 
havo  Ihm'Ii  sul»jci  led.  The  sccojid  \h,  houcvcr.  I'ound  to  Im-  much  more  inllucntial  than 
the  lirsl. 

The  hcltis  of  country  characterized  l»y  dili'crcnt  classes  of  i'uels  are  indicated  on  th«' 
section.  The  eastern,  over  which  the  word  fJatiitf  appears,  yields  fuels  which,  though 
often  containing  little  ash  and  well  adapted  for  local  use,  hold  generally  more  than  12  per 
<('ut.  of  hygroscoi)i,r  ^vat<'r.  The  n<'xt,  desigmiti-d  as  thai  of  fj<it,itf  Coats,  frequently  yields 
fuels  I'ontaining  h-.ss  than  liper.cnt,  of  water,  and  in  some  instances  not  half  this  amount, 
and  also  hy  their  physical  character  })etter  adai)ted  for  transport.  The  third,  a  narrow 
zone,  co-extensive  with  that  of  great  disturbance,  ali'ords  fuels  which  <ontain  little  water, 
often  give  lirm  cokes  on  heating,  yield  almndance  of  highly  luminous  hydrocarbons, 
and  are  scarcely  distinguishablt^  IVftm  coals  of  the  Carboniferous  period  proper. 

This  change  is  analogous  to  that  found  in  i)assing  from  the  bituminous  conls  of  tho 
wost»n'n  shales  to  the  anthracites  of  the  disturbed  Appalachian  region  to  the  east. 
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DIAGRAMATIC  GENERAL  SECTION  FROM  THE  LAUI 
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